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INVESTIGATION TOWARD OBTAINING SIGNIFICANTLY HIGHER MECHANICAL
PROPERTIES IN AS-WELDED JOINTS OF
HIGH-STRENGTH, HEAT TREATABLE ALUMINUM ALLOYS

By

F. R. Collins

ABSTRACT

This report describes welding techniques, filler metal-parent metal
selection and moderate temperature post-weld thermal treatments to achieve
tensile strengths up to 72,000 pounds per square inch (psi) in welded heat
treatable aluminum alloy sheet.

The aluminum-zinc- magnesium-copper (Al-Zn-Mg-Cu) alloys 7075 and
7178 welded with A'.-Mg or Al..Mg-2Zn filler metals gave higher as-welded
sirengths than the Al-Cu alloys 2219 and 2014, Although more susceptible to
weld cracking than the Al-Cu alloys, T07% and 7178 showed excellent response
to post-weld aging when welded in either -W or -T6 tempers. A filler metal
Al-4 Mg-2 Zn, gave welds almost as strung as parent filler metal with less
cracking,

Tensile strengths of 70-72,000 psi were achieved in 1/8-in. 7178-T6
sheet welded with Al.-Mg-Zn filler metal and pcst weld aged eight hours at
212°F plus three heurs at 325°F, Strength in the bulge test was about

60,000 psi. Welds in 7075.. T6 attained about 68,000 psi tensile strength
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when post-weld aged 168 hrs at 212°F. Both tensile and bulge strengths were
abont 15, 000 psi higher for pcst- weld aged than for as-welded joints.

Direct current, straight pclarity tungsten inert gas welding with helium
gave the most consistently high strengths. Ccnsumable electrode, spray
transfer welding was next best. Short-arc consumable electrode welding gave

highest individual weld strengths, but consistency was poor.

INTRODUCTION

The high-strength, heat "rea‘ed a:uminum alloys such as 2014, 2024,
7075, and 7178 have strenglhs between 70, 0060 and 90, 000 psi and are
attractive materials for rocket cases and similar structures. On the basis of
strength per unit weight, these a’uminum allcys are equivalent to ferrous
alloys of up to 300, 000' psi tensile strength, Aluminum structures are more
rigid becavse nmetal thickness i« greztecr than equal strength and weight steel
assemblies.

Fusion welding is the preferred method for fabricating light-weight
structures oecause it gives leak-tigh*, smooth bu‘t joints,

Inert gas shielded arc we'ds have been made in high-strength, heat
treatable aluminum alloys. b strengths were usuafly less than half that of
the base metal unless the welds were solution heat treated and aged. Even
when welded assemblies were sma! encugh to permit complete post-weld
heat treatment, structural perlormance eften was unsatisfactory, and

performance could not always be predicted by tensile tests.




This investigation was initiated to develup arc welding procedures and
select filler metal base metal cembinaticns to achieve sigaificaatly improved
weld streagths in high-strength, heat treataole zalloys without post-weld
solution heat treatment. A further obiect was to evaluate test methods to

redict structural performance of welds in these alloys.

MATERIALS AND EQUIPMENT

The alununum alloys investigated were 2219, 2014, 7075, and 7178 in

sheets 0. 064, 0.090, and 0. 123 in. thick. Filler metals included 2319, 2014,

556, 5632, 5134, 3334. 5652 M576, M577, M594, A595, and 7277.

Nominal compgsitions of these alloys are shown in Table L

Equipment for gas tungstca-arc welding consisted of:

Airco Model 3ADB 235UHABP 300 amp AC -DC Heliweider
Airce Madel HMHA- E Heliweid sutennatic head
Oxueld type CM-37 micane rarriage

36-in. wealding tat’e Wil g#rcoved copper backup

ob.h!Nl-‘

Gas meal-arc equirment used:

Miller Model CP 3VS variable slope DC welder

- Aircomatic filler wize feceder. Alodet! AHF-C, and
Alodel AHF-B comircd

Aircoma!ic pull gua Model AH-353
Aircc No. 20 Radiagraph

36-in. welding table w1th greoved « opper backup

U\-&h.b) N

Esterline Anzus Mute] AV -2, .1ding ve imeter and ammeier were used

for each weld.

Shieldiag gases were Lizdce kigh pirity dry (39.995%) argon and

Airce Grade A heilium.



TEST METHODS

Inspection

All welds were inspected visusl'y by the operat{or for smooth flow and
coaxrplete penetration. Each weld was radiographed using a suitable penetra-
meter and the films ccmpared with known standards. No welds were further
tested that did not exhibit a degree of soundness as least as good as required
for Class 2 welds under Army Ballistic Missile Agency purchase description
ABMA-PD-R-27.

Tensile Tests

Standard sheet-type tensile specimens shcwn in Figure 1 were used for
all gages of welded sheet for bcth the full-section and flush-bead samples.
Special tensile specimens shcwn in Figure 2 were used in the portion of this
investigation concerned with the development of test methods. Type HE-121-
R2B Tatnajl Metalfilm str2:n rages and appropriate instrumentation were
uscd to measure local strajn,

Bulge Tests

The 8-in. nomina' diameter hvdrostatic bulge tester shown in Figures 3
and 4 was used to perform all the bu'ge tests shown in this report. As shown
in Figure 5, bulge height determines radius of curvature and stress is
caleulated acrording to the formuia.

Stress - PR
2_'o

Where: P = Pressure psi R Radius t, : Sheet thickness

ey




Corrosior Resistance

The specimens shown in Figure 6 were used to determine susceptibility
to stress corrosion cracking. In ihis design pairs of specimens are stressed
*o 15 per cent of the vield strength of the ioint and exposed to alternate
immersion (10 min in, 56 min owt} in 3-1.2 per cent sodium chloride soluticn.
General ccrrosion attack was evalvated by exposing unst-essed specimens to
the same environment. Solution peteniial surveys were conducted in a
solution 6f 53 gm NaCl, 3 gm H.OQ, per liter of distilled water. Potentials
of the selected a: ¢as were deiermined by masking the remainder of the
specimren with wax befere immersion. The reference electrode was 0.190

rormal calomel.

General

A standard seld specimer: ¢« 1sist ing of 1o pieces of aluminum sheet
7 x16 in. groove uelded al. in. dimension was used throughout the
investigation excepi for the cvimndrical vressure vessels. The sheets mere
brepared by sawing or skearing to size degreasing with a suitable solvent,

eiching in caustic and nitric soluticns, and hasd filing the abutting edges

ciezn and square. The pieces 3ere assemoied in the welding hold-down table

with run-in and run-off tabs at the ends.  Ail weids were made in the fiat
posiiion oy compleiely satomatic procedures Aamperes and volis were
recorded automat:cally  The operaicr neied and recorded process variables

such as iravel speed. wire feed spred. yas compesition. and flow rate.




After welding, 14-in. square panels were provided for buige testing and the
renainder of the 16-in. specimens (2t the finish erd cf the weld) was used for
tensile specimers. Each panel thus grovided onre oulge and two tensile
specimens.

Gas Metal Arc Welding (MIG ard AMIG Short-Arc)

The Airco pull gun was adapted for completely automatic welding by
attaching it to an adjustabie arm on the travel carriage. AMechanisms were
provided for vertical and horizontal moveaent as well as adjustment for fore-
hand or back-hanu angie. The welding power supply and wire drive umit
were adjustable to provide either conventionai spray-tspe er short-arc
droplet-type metal transfer. Typical welding parameters are listed in Table II

Gas Tuagsten-Arc Welding (DCSP-TIG)

This prucess employed the autemaiic 1oltage control tungstea-arc head,
helium gas, and direct current. straight poisrity. The amematic wire feeder
was adjustable so that 3 62 1. 16, ¢or 3 32-ia. diameter filier wire could be
:sed.  In aii cases the weldiag torch was aiounted exactly perpendicular to

the sheet. Electrodes of 2 per cent thoriai_Jd tungsten were used exclusively.

Typical welding sarameters are shown in Tatle U.

RESULTS

— e =

Chroice of Welding Method

Direct curreni. straight polarity gas tungsten-arc {DCSP-TIG) welding

proved (o be the most reliable method investigated. Sound welds were

sroduced in all cembinations of piate and filler m-ials examined, and weld




strengths were consistent.

The gas metal-arc (MIC process) gave consistent resuits but strengths
were always lower than for DCSP-TIG welds in simiiar alloys. MIG welds
in 7075 and 7173 tended to have transverse rcot cracks when the lower
magnesium content or zinc-containing iiller metals were used, because
penetration was shallower than for TIG welds, leaving unalloyed base metal
at the root.

Consumable electrode (MIG) short-arc welding gave the highest as-welded
properties and is the preferred method vwhere no backup can be used. since
uniform penetration beads were obtained with free drop-thrcugh. It was
often difficult, however, to achieve just the right amcunt of peaetration with-
out undercutting. The MIG short-arc method was alse critical with respect
to the composition and @ elting characteristics of the {iller metal. It was
easy to obizin fully penetrated welds free of undercutting with 2319, 4043, 5154,
2nd 5354 alloy electrodes. More difficulty was encountered with 5556 and
5356 alloy electrodes. Shielding gas of two parts helium, one part argon
was preferred.

Little success was achieved in producing multipass MiG short-arc welds

in 1/8-in. sheei with 0.030-in. diameter electrode because of poor interpass

fusion. Thus, for the heavier sheet gages 2 single pass using 0. 047-in.
diameier elecirode =as highly preferred. In MIG short-arc welding the
maximum travel speed was approximately 69 in. per min since beyond this

speed the arc pecame unstable. Convesntional sprav-transfer arcs were




found to ce stable at travel speeds up to 300 in. per minute. Another
difficulty experienced with MIG short-arc welds was the critical control of
exact arc location, because of pitch and cast in the spooled electrode. A
longer-than-standard contact tube for the welding head proved beaeficial.
TG short-arc welds were somewhat hard to start and it proved best to use
a contact tube to work distance of 1 ic 1-1/2 in. unii? the arc was firmly
established on a run-in 2l, then reduce it to the 1/4 t0 3/8-in. required for
accurate controi of arc location during welding. Welds were best when the
torch was mounted to have a forehand angle of about 15 degrees.

Typical bead contours produced in 1/8-in. thick aluminum sheet by DCSP-
TIG a2nd MIG short-2rc processes, respectively, are shown in Figures 7
and 8.

Aluminun:-Copper Alloys, 2219 and 201+

The Al-Cu alloy 2219 was shown previously to be the most weldable of
the commercial high-strength, heat treatable aiuminum allovs, being clearly
suaperior to otner alloys of this group with respect to freedom from cracking,
smooth flow, and reproducibility of weld strengths.

The highest as-welded strength in 2215 alloy was achieved in the -T87
temper where both tensile and bulge tests showed an average strength of 45-
50 KSI. Yield strenzth was improved abeut 10 KSI by welding 2219 in the

-T37 temper 2nd post-weld aging to the -T87 temper. Since previous wark

with the 31-Cu 2lloys showed little promise for substantially improved weid

strength without post-ueld solution heal treatment, it was decided to shift
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the investigation to the streager Al-Zn-Mg-Cu alloys. Comparative strengths
of welded 2219 and 2614 alloys are shown in Tabie HI.

Aluminum-Zinc-Magnesium-Copper Alloys, 7075 and 7178

General Considerations -- Alloys of this group have the highest strength

of any of the commercial aluminum alloys but are the most difficult to weld.
Strergths of these alloys are usually iess sensitive to the rate of quench from
solution heat treating temperature than the Ai-Cu alloys. Under proper
conditions, welds in the Al-Zn-Mg-Cu alloys gain a large measure of strength
from the quench achieved in the welding jig. Thus, despite the relatively
peor flow and higher susceptibility to weld cracking, it is possible under
carefully controlled conditi ons to achieve higher weld strength in these alloys
than in the A1-Cu types.

Previous experience showed that the Al-Mg filler metals were the best
choice for strength, reasombie fresdom from cracking, and ductility. It
was aiso known that the strengih of such welds was controlled primarily by:
{1} dilution of the filler metai by melted base metal, (2) quench rate,

(3) natural or 2ruificial aging, 2nd {4) amount of weld bead reinforcement.

Waen diluted during welding by base metals 7075 or 7178, the weld bead

is an alloy responsive to heat treatment. A reasonably rapid quench, such as
that achieved by automatic welding in heat-absorbing fixtures, produces a
solution heat treated weld area thzt age hardens at room or elevated temperature.

Assuming aging of welds proceeds :in the same general manner as solution
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heat treated base metal, welds in 7075 or 7178 shouid naturally age in oae
moanth to about 75-80 ner cent of the strongth achieved after cne vear,
when hardening is substantially complete.

As-Welded Properties

Table IV shows the mechanical preperties of MG short-arc and DCSP-

TIC welds in 7178 and 7075 alioys with no subseguent heat treatment. Highest
strengths were obtained in 0. 064-in. sheet welded using 7975 or 7277 filler
metal. Tensile and bulge strengths cf up to 65 KSI were obtained. Welds
were extremely difticult to produce using these filler metals because of
excessive hot-short weld cracking. These filier metals are not considered
commercialily usable on 7075 and 7178 base metais, and 5356 is generally
recommended.

In 0.090-in. and i; 8 :n. thick sheel, highest as-welded properties
were obtained using AMIG short-arc with 3356 filler metal. Tensile
strangths of 335 to 60 KSI wers attained with the corresponding bulge strengths
of £0 to 33 KSi. Sirmlar DCSP- TIG we'ds made with 3356 filler metai showed
30 to 33 KSI tensile strength and 3C KSi buige strength. Although the
highest values were lower than the h:ghest atiained by the MIG short-ars
method, DTSP-TIG welds were more reproducibie. MIG welds made using
stardard spray-iransfer welding conditions were neitker as strong as the

AMIG short-arc welds nor rejiabie as the DCSP-TIG welds.
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Post-Weld Aging

Many aiuminum alloys can be welded in the solutiop heat-treated temper
{-W) and post-weld aged to produce higher mechanical properiies than can
be attained in the as-welded coadition (Ref. 1), Alioys 7075 and 7178 proved
responsive 1o this treatment. Post-weld aged MIG short-arc welds in 7178
and 7075-W alloys made with 5556 electrode shtowed improved properiies over
as-welded joints. Tensile ang bulge strengths were 58 to 60 KSI with
reasonable correlation between bulge and tensile tests.

7075 and 7173 alivys are easy to form in the -W (as-quenched) condition.
Unfortunatelg, these alloys age rapidly at room temperature and must, there-
fore. be formed apd welded within a few hours after quenching to avoid
substantia} age hardening. It is possible, of Course, to store flat sheet in
rddrigerated containers 10 vrevent patur i aging, but this is pot usually a
commerciaily economicai (o izasitie procedure for formed Structures that
are 0 be welded.

In welds produced under rapid chili concitions, oniy a small portion of
the total structure contains partialiy melted, solution heat treated, annealed
and over-aged zones. I was thought it miight be feasible to weld fully aged
(-T6) sheet, thep age the welded assembly at a temperature that would cause
precipitation hardening: in the hezi-afiected zones, vet allow the unaffected
Pareai metal té rennaip Subsitantially unachanged. Reheating data for 7975

and 7178 alloys showed tha; temperatures of 200 tc 325 °F had little, if any

eifect on the mecnanical properties of -T6 temper sheet (Ref. 2),




Welds in 7178 and 7075-T6 sheet were aged one week at 212°F in the
first tests of this procedure. This rather low temperaiure was chosen to be
sure of not affecting the base metal and to achieve the desirable fine
precipitate in the weld area.

Tensile strengihs up to 75 KSI were attained in 0. 090-in. 7173-T6 base
metal welded with K576 (4 Mg-2Zn) filler metal and aged one week at 2i2°F.
Strengths of 65 to 68 KSI were¢ obtained in 1/8-in. 7178 and 7075 sheet,
reflecting the slower guench achieved in the thicker sheet. Welds made with
the zinc-containing filler metals M576, M577, M594, and M595 were slightly
stronger than those made with the Al-Mg filler wires such as 5556 and 5154.
The lower Mg content filler metals, 5554 and 5052, produced tensile strengths
almost as high as the high Mg and Al-Mg-2n fiiler metals but belge strength

¢iy reduced, and kol-short cracking was more prevalent. This
indicates that approximately -4 per cent Mg is needed in the filler metal
under the conditions of dilution achieved in thcsa tests. This was especially
nctiveabie in tne oulge tests where failures of welds made with low Mg filler
metals usually occurred as transverse cracks throuch the weld bead,
indicating low dactility.

It was recognized that the aging treatment of one week at 212°F was
not a commercially feasible procedure; therefore, shorter treatments,

hrs at 212°F and step agnge 4 hrs at 212°F + 8 hrs ar 315°F and 8 &rs

at 212°F = 3 hrs a1 325°F were tried. All treatments gave suostantial

improveirent over as-welded strengths. The step aging treatments appeared




to reduce ductility slightly ard increased notca sensitivity, as evidenced by

the greater spread between the bead-on and the bead-cff bulge test specimens.

For these treatments the bulge sirength was almost invarizbly higher for

specimens from which the weld bead kad beer machined flush prior to testing.
As for the as-welded specimens, MIG shkort-arc welds that were post-weld

aged had average strengths slightly lower than those achieved by DCSP-TIG

and were less consistent among samples given the same treatment.

The response of varicus parent-metal filler-metal combinations to post-

weld aging treatments is shown in Table IV  ner= the effect of aging treatment

and filler metal on the strength of welds in both bulge and tensile tests is
apparent. Two trends are particulariy rctewortiy. First, under the
conditions of dilution achieved by the welding methods in this test there appears
to be little, if any, advantage of using filler metal stronger than M576 (4 Mg-
2 Zn). Alloys of higher Zn and/or Mg ccnient did not increase weld strength.
All full-section and most reduced-section samples failed outside the bead.

In addition, filler metals containing either higher Zn or less Mg tiian M576
had increased sensitivity to hot-short weld crackirg, making them more
difficult to use in production conditions. The low ratio of bulge strength to
tensile strength was quite apparent for those combinations of filler metal

and aging treatment that produced less ductile welds. Figure @ shows the
effect of aging treatment on th: tensile and bulge strengths of weids in
1/8-in. 7178-T6 with M576 filler.




Special Tensile Tests

The bulge test imposes equal biaxial stresses on test specimesns, and

the usual tensile test involves primarily uniaxial stress. Most rocket cases
and other pressure vessels are cylindrical, and with internal pressure
develop hoop stress about twice the longitudinal stress. Fabricating and
testing cylindrical pressure vessels is costly, and it is difficuit t0 proiduce
welds as good as those in flat sheet witaout using costly fixtures. Previous
experience showed that buige tests were cetter than tensile tests to predict
perfor mance of cylindrica! ~essels, but correlation was not as good as
desired.

The special tensile-type specimens shown in Figure 2 were devised in an
attempt to provide a simple test that would predict performance under unegqual
biaxial stress. The short, wide type A specimen was designed to develop
biaxial stress under uriaxial load. Biaxial strains. measured at the center,
showed the longitudinz! stress was about 2-1/2 times the iransverse stress.
Because of stress concentration, however, longitudinal ~*resses at the edges
of the specimen were about twice that at the center. These specimens failed
at low neminal stress when the iongitudinal edge stress ruachad the tensile
strengia typical ter stardard tensile specimens. Type A specimen was
2bandoned as unsuitable, since it did nct produce the desireg streSs pattern.

Occasisnzlly it has bzen proposecd that welded high-sirength alloy

stractures cofien faii at lower nomrinal stress than tensile sy >+ mens




because a long length of weld, more likely to contain defects, is tested.
Specimen type C, Figure 2, was used to test a 15-in. weld under uniaxial
tension, ard strengths were compared with those ot type B specimens that
were 1-1/2 in. wide. For as-welded 1/8-in. 71/8-T6 wi.n 5556 filier, the
wide and narrow specimens gave nearly identical strengihs. MIG weids
averaget 47.5 KSI TS for the narrow specimens, 48.8 KSI TS for the wide.

TIG welds averaged 51.1 KSI TS and 54.7 KSI TS, respectively, for the

narrow and wide specimens. Ten-inch elangation was about 0. 1-9.2 per cent,

iust equal to or less than the permarnent offset used to determine yield
strength. Dase metal properties were 88.1 KSI TS, 2.9 per cent 10-in.
elongation.

None of these specimens ‘% 2as more suitable to predict structural
periormance ihan the stancard tensiie and bulge tests. Emphasis in this
portion of the investigation has been shifted to a comparison amorg standard
tensile, pulge, and cylindrical pressure vessel tests. Strain gages are beiag
used io deiermine if siress distribut1oa in structures having welds of
reiatively low ductility is markedly different from unwelded or ductile
welded struciures.

Microstructures

Figure 10 shows, at icw magnification, 2 typical weld in 7178-T6 and
the specific areas selected for examination at higher magnification.
The weld veads (Area A) in both as-welded (Figure 11) and post-weld

aged (Figare 12) 7178 alioy had smail dendritic structures that were




typical of fast-chilled welds. No changes idertifiable urder the light

microscope occurred during post-weld aging The heterogeneous structure
shows a considerable amount ¢- Zn-Mg-Cu rich material out of solid
soiution. A small amount probably was taken into soiution during the short
interval the weid was in the heat ireating temperature range during cooling.
An extremely small interdendritic spacing, however, would be reguired to
achieve homogeneity, since the weld cools throv_.;gh the solution heat treatirg
temperature range in a few seconds (Ref 3).

Tae transition zone between cast and wrought metal (Area B} :s shown
in Figure 13. Some isolated pockeis of higch Zn-Mg-Cu coastituent in the
predominantly wrought structure at the left show that this region reached a
temperature higher than the solidus of the parent metal, dmhg partial
melting. Although this temperature was high enough, vnder equilibrium
conditions, to redisscive the fine precipitate found in -T6 temper narent
metal, much of it remained. Upon aging, visible precipitate increased only
in the wrought metal.

Area C, which showed little if any partial melting, allained a temperature
high enough 1o redissolve some precipitate (Figure 15)° The amount of
vrecipitate increased noticeably on post-weld agiag (Fizure 15). This is
the area in which failure normelly occurred in outh as-welded and -ost-weld
aged joints. The increased precipitation hardening on agang appears io

acvount {or the higker strength achieved by aged welds.

¥ Fine precipitation not ciear 1n reproduction of fizures.




The over-aged zone, arez D, was heatea during weiding to a moderate
temperature, which caused precipitation of more of the alloying constituents
(Figure 16) than in the -T6 temper base metal. Figure 17 shows that this
over-aged zone was not visibly affected by post-weld aging at 212°F. Although
some loss of sirength must have occurred, this area remained stronger than
area C.

The unaifected base metal further from the weld than area D was not
examined since no significant change in structure or properties =25 expected.

Welds in 7075-T6 =mere similar in appearance to those in 717¢6-T6, but
some importart differences were noted. In area C (Figures 18 and 19), 7075
sivwed less precipitate thar 7173, both before and after aging, and on aging

nad a smalietr increase in precipitation. Area D hehaved sinmiiarly

(Figares 20 and 21). In both areas, grain boundaries were more heavily

ouilined for 7075 than 7178. This condition seems to correlate with the
generally lower ductility and hulge height of melded 7073,

Resistance to Corrosicn

The soluticn potential survey provides a rapid method 20 predict
corrosion behavior of welds. Areas of highest negative potential (anocdes)
corrode preferentially to protect those of lower potential {cathodes).

In a2 weld, the optimum condition is to have th2 weld bead, heat
atiected zenes, and base metal all of the same psiential to avoid selective
attack. Next best is to have the weld area cathodic to the base metal so

that the small weld arez is protected by the relatively large area of anodic




base metal. An anodic weld area is least desirable, since this small area
wili corrode rapidly, attempting to protect the iarge area of cathodic base
metal. The depth of selective atiack tends to increase with: (1) difference
in potential, and {2) reducticn in anode areza.

Solutior potentials were measured at the center of the weld. 1/8-in. from
the edge of the weld and 4-in. from the weld in unaffected base metal. The
unmasked areas in contact with the NaCl-H.Q, soiution were strips about
1/8 in. wide, parallel to the weld. All readings were stable within two hours
after immersion.

As shown in Figures 22 and 23. the heat affected zones of as-welded
7075-T6 and 7T178-T6 were strongly anoaic. In corrosive eavironmests,

elds in 7075 would probably shew preferential attack in the heat-affected
zone. Welds in 7178 should experience severe local attack since the heat-

affected zone was quite anodic to both weld bead and base metal. Aging 24

hours at 212°F reduced the spread in potentials slightly, but selective

corrosion in the weld area still would be expected. In Soth the as-welded

and aged 24 hrs at 212°F coaditions, ihe potentials observed in the weld

and heat-affected zones correlated well with the establisked typical

pcientials for soluticn heat treated, unaged base metal (7073-W — -870 m.v.}.
Potentials of the base metal were not significantly z2ffected by post weid

aging. The longer time or step aging treatments gave much more uniform
sokition potentials amceng the several areas. All shouid elimimate or

greatly reduce selective aitack, since the weld areas cither had the same




potential 2s or were slighilv cathodic to the base metal.

To achieve the optimum combination of predicted corrosioa resistance
and strength, it presentiy appears that welded 7675-T6 should be aged
168 hrs at 212°F and welded 7178-T6 aged 8 hrs at 212°F plus 3 hrs at 325°F.
This is a {entaiive recommendation, since acti2l corrosion tests and stress

coerrosion tests are still in progress.

CONCL.USIONS

1. Tensile strengths of 72,000 psi can be achieved in welded 7178-T6
aluminum sheet by DCSP-TIG welding with Al- 4--AMg- 2 Zn filler
metal and post-weld aging.

Al-Za-Mg-Cu ailoys 7178 and 7075 are more difficult to weld than most
Al-Cu alioys, but sound, crack-free welds are stronger inb - » as-
welded and post-weld aged conditions.

Direct current straight polarity tungsten arc welding with helium
shielding is preferred to spray iransfer or shkort-arc consumatle
electrode welding for censistently high strength welds.

Anticipated resistance to corrosion of welded 7075 ana 7178 alloy
sheet is improved by noct

TSP B Y
S ] on e aw “sllls.
The hydraulic bulge test is presently the most satisfactory simple
test to biaxially stress weids in high strength, hezt treatable aluminum
ailoys.

Improved base metals and filler metals are required to reduce cracking
and increase strengin and ductility of welds in Al-Zn-Mg-Cu type
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RECOMMENDATIONS FOR FUTURE WORK

It is recommended that future attention be directed toward the following

specific programs:

L

2.

Evaluate eifect of base metal grain size, cell size, and grain orientation
on weld strength and ductility.

Develop improved Al-Zn-Mg-Cu type base metals and filler metals to
reduce weld cracking and increase weld strengih and ductility.

Survey test methods to improve accuracy of predicting full-scale
structural performance of welds in high-strength, heat treatable
aluminum alloys.

Improve welding methods tc achieve highest strength, reliable welds.
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(1) Basic

{2) SOLvg

3)

RADIUS OF CURVATURE
RADIUS OF DIE EDGE
RADIUS OF DIE OPENING
EULGE HEIGHT

SPECIMEN

!
]
}
i
!
L

-

RELATIONSHIP

FGR R

SUBST:TUTE DIE DIMENSIONS
c =1
f - 3

Frure 3

(Rec) =z (re0) + (R-heo)

rfe e o’ 20r - 2ah

—

R -

R

Radius oi Curcature Calculation
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Neg. 130205A

Fig. 10

1/8 inch 7178-T6 DCSP Welded With M576
Shows Areas Examined at Higher Magnification




Weld Bead (Area A) 7178-T6, M576 Filler

As-Welded

Neoew 131205

Weid Bead (Area A) 7173-T6. A576 Filler Post-

Weid Aced 168 hrs at 212, F




Base Meial

Neg. 130209 500X

Area B, Transition Zone, 7178-7T6 Base Metal M576
Filler, Aged 168 hrs at 212°F.




Neg. 13018}

Area C, Heat Treated Zone. T178-T6, Post Wald
Aged 168 hrs. at 212°F




Zone, TI78-T6, Post-Weld

ged

Aged 168 hrs. at 212°F
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Neg 130195

Area C, Heat Treated Zone, 7075-T6, As-Welded

Figure 19
Neg 130183

Area C, Heat Treated Zone, 7075-T6, Post Weld Aged
168 hrs at 212°F.




Figure 21

Zoae, T973-T6. Posi-Weld Aged




| 22 3unoiJ
9LSN HLIIM CG3073Mm 911-~dSJOC 91~-6204

HONI '03M 40 3903 WNOMd4 3JONVYLSIO
» L

' |
de212 AV “HH 89

‘deSIE LV "UN 0
+ °d e21C 1V 'HH

“deSIC AV 'HH €
+ 'de212 LV'YHUH 8

d el LV 'HH ¥2
. @3¢3Im-Sv

03410N SV 039V d3M-1S0d

0%H + 120N S17CAITIN *IVILN3L0d NOILNI0S




€2 3uN9I4
9LSW HLIM Q3073IM 91L-dS20 91-8412

HONI 'G73M 40 3903 WON4 AINVLSIQ
v 8/

| I
HeGIE LV 'YH B

+°'de2l12 LV HH b
)

\X

'd0G2€ LV 'YHHC
+°de212 LV 'HH 8

(4
v

'd o212 LV 'HH 893

'd 0212 LV 'HH p2

Q3073m sv

Q310N 8V 039V Q13M-1S0d

°0%H + 190N SiT0AITTIN *IVIINI 104 NOILNIOS




